by Andrew Pearson BA (The London Hospital Medical College, London) Animal populations exhibit fluctuations of numbers which may be at regular or irregular intervals of time. Small-mammal populations in Scandinavia have been found to exhibit regular cycles of population fluctuation. Cycles may consist of a steep build up of population to a maximum ('high') and this is followed in some cases by a precipitous drop in numbers ('crash') . A three to four year periodicity in size of the lemming populations of Scandinavia was first established by Elton (1924) and substantiated by Johnsen (1929) , although it had been suggested as early as 1895 by Collett. In discussing the regulation of animal numbers, Lack (1954) postulates three prime factors, which will act more severely at higher population densities: food shortage, predation and disease. These factors may be influenced, either singly or jointly, by secondary factors such as climate. Elton (1942) pointed out that these factors, together with emigration and juvenile mortality, may cause or control population cycles. No direct evidence is available in support of these concepts.
A population breeding at a relatively uniform rate will increase exponentially. It is possible to analyse mathematically the effect of a single controlling factor (impulse function) in this situation. Fig 1 shows a population oscillation produced by a short-lived controlling factor interacting with the animal population to give a frequency of oscillation determined by the frequency of occurrence of the controlling factor (analysis by Dr C J Bradley). On this basis it is interesting to consider the postulate that the periodic nature of the population cycle in the Scandinavian lemming (Lemmus lemmus) may be due to the dominance of the epizootic caused by Pasteurella tularensis.
Epizootic in Lemmus lemmus
In 1912 Home described a disease common in lemmings. From the population highs of 1896, 1903 and 1909-10 Home cultured bacteria and reproduced the disease in guinea-pigs and white mice. Gardner (1933 ( , quoted by Elton 1942 was of the opinion that Horne's description of disease was very suggestive of tularemia. The discovery of P. tularensis is usually attributed to McCoy (1911) , who found it in the ground squirrel plague in California. The organism is a small Gram-negative diplococcus, intermediate in character between brucella and pasteurella, resembling the former in its serological reactions and the latter in symptomatology and ecology.
Epidemic in Man
In man P. tularensis causes at least two geographically distinct diseases, one a relatively mild illness (the Scandinavian form) and the other a plague-like disease (Asiatic and American). As early as 1532 Jacob Ziegler wrote of a febrile illness in man which occurred in Scandinavia in years of a lemming high. Later Olavs Wormius in 1633 and Collett (1895) both described a human disease known as 'lemming fever' which was prevalent in areas overrun by these animals. Thi0tta (1930, 1931) confirmed that the Scandinavian lemming fever (of man) is tularemia and showed the connexion between the occurrence of the disease in man and in animals, especially hares, voles and lemmings, while Olin (1938) showed that in the year of a large human epidemic, lemmings were carriers of the infection.
It is now known that the disease is endemic in rodents and other small-mammal populations in the United States of America and Northern Europe. A large range of animals, both vertebrate (Burroughs et al. 1945 ) and invertebrate (Parker & Spencer 1926 -1929 , and Green 1929 Discussion 'Stress' and 'behavioural interaction' have been quoted frequently as important factors in the understanding of population dynamics. These two conditions, however, can only reflect the pathology and/or behavioural condition that results from a changed physiological state. A populationcontrolling factor must be some primary stimulus which alters the physiological state of the animal.
Evidence may be given that the lemming has characteristic seasonal changes in environment (both in habitat and in contact). The environmental state characteristic of the lemming crash will be superimposed on this pattern but preliminary evidence suggests that this is only after the onset of the disease. Further evidence on the relatively minor role of purely environmental factors is seen in the occurrence of lemming (and vole) crashes in Scandinavia over a wide range of population densities.
One further hypothesis may be presented: that the Scandinavian lemming migration is a physiological response to the neurotoxins ofP. tularensis.
The establishment of an epizootic as the dominant controlling factor in a population of lemmings would be a positive advance in our knowledge of population dynamics; but it is also of considerable medical importance to investigate the apparent relationship of human tularemia to the lemming crash. The medical implications of such situations had been suggested by Elton (1931) . At that time it was difficult to integrate the work of ecologist and bacteriologist. Since then thedepth ofthese disciplines has increased and makes possible the testing of the present hypothesis by an investigation into the occurrence of P. tularensis infections in the Scandinavian populations of lemmings, voles and humans.
